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March 7, 1973

Mr. Leonard Appleby, Contracting Officer
Department of Health, Education & Welfare
Public Heatlh Service

Food & Drug Administration

CA-212

5600 Fishers Lane, Room 5C-13

Rockville, Maryland 20852

Refererce: Contract FDA 71-268

Dear Mr. Appleby:

Enclosed is the report of the mutagenicity screening
studies conducted on FDA compound 71-40 Dilauryl Thiodipropionic Acid
under the above referenced contract.

Included in this report are the results and raw data
of the three tests conducted, the Host Mediated Assay, the
Cytogenetic Studies and the Dominant Lethal Assay. Three(3)
copies are being submitted for your review.

If there are any questions concerning this submission,
or if additional information is required, please do not hesitate
to contact me.

Sincerely yours,

LITTON BIONETICS, INC.

vid P. A,
Principal Investigalfor

DPAF /vy
Enclosure
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I. REPORT

A. Introduction

Litton Bionetics, Inc. has investigated the possible mutagenicity of
compounds selected and provided by the Food & Drug Administration under
Contract 71-268. LBI's investigation utilized the three mammalian test
systems herein described--Host-Mediated Assay, Cytogenetic studies and
Dominant Lethal Assay. These tests provide information as to the types
of genetic damage caused by environmental compounds -- pesticides, chemicals,
food additives, drugs, and cosmetics.

The Host-Mediated Assay is based upon the assumption that the action
of a mutagen on the genetics of bacteria is similar to that in man. This
is further strengthened by the use of an eukaryotic organism (e. g.,

Saccharomyces cerevisiae). Since the mutation frequencies are well

established for the indicator organism, any deviation due to the action

of the test compound is readily detects:le. As some compounds are mutagenic

in bacteria and not in the host animal, and vice versa, this test is able

to dffferentiate an action which may have been due to hosts' ability to

detoxify or potentiate a suspected mutagen. This action is dependent upon

the ability of the compound to gain access to the peritoneal cavity.

Coupled with the direct action of the compound on the indicator organism

in vitro, the assay provides a clear insight into host mediation of mutagenicity.
Cytogenetics provides a valuable tool for the direct observation of chromo-

somal damage in somatic cells. Alteration of the chromosome number and/or form

in somatic cells may be an index of mutation. These studies utilized examination

of bone marrow cells arrested in C-metaphase from rats treated with test

compound as compared to positive and negative control animals. If muta-

[B BIONETICS
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tional changes occur the types of damage expected due to the action of
chemicals are structural rearrangements, breaks and other forms of damage
to the chromosomal complement of the cells exposed.

For the in vitro cytogenetic studies, we have a more rapid and
inexpensive means of determining chromosomal damage. This is accomplished
by observing cells in anaphase. As the chromatids separate and move
along the spindle, aberrations may occur. Chromatids which do not
migrate to the daughter cells may lead to uneven distribution of parts
or of entire chromatids (mitotic nondysjunction). These give rise to
"side arm" bridges which have been interpreted as point stickiness or
localized failures of chromosome duplication point errors. These
aberrations (bridges, pseudochiasmata, multipolar cells, acentric
fragments, etc.) are extremely sensitive indicators of genetic damage.

The Dominant Lethal Test is an accurate and sensitive measure of the
amouﬁt and type of fetal wastage which may occur following administration
of a potential mutagen. Dominant lethal mutations are indicators of lethal
genetic lesions. The effects of mutagens on the chromosomal complement
of the spermatozoa of treated males results in alterations of form and number
of chromosomes. Structural rearrangements and aneuploidy may lead to the

pkoduction of non-viable zygotes, early and late fetal deaths, abortions

[E BIONETICS 2
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and congenital malformations. In addition, aberrations could lead to
sterility or reduced reproductive capacity of the F] generation. The

action of a mutagen on specific portions of spermatogenesis is also

apparent in this test.

[B BIONETICS
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B. Objective
The purpose of these studies is to determine any mutagenic effect of
the test compound by employing the Host Mediated Assay, Cytogenetics Studies
and the Dominant Lethal Assay, both in vivo and in vitro tests are employed
with the cytogenetic and microbial test systems. These tests and their de-
scriptions are referenced in the Appendices A through F.
C. Compound
1. Test Material
Compound FDA 71-40, Dilauryl thiodipropionic acid 10-769,
as supplied by the Food and Drug Administration.
2. Dosages
The animals employed, the determination of the dosage levels
and the route of administration are contained in the technical discussions.
The dosage levels employed for compound FDA 7140 are as follows

for Cytogenetics Studies in vivo in rats.

Low Level 50 mg/kg
Intermediate Level 500 mg/kg
LDs 5000 mg/kg
Negative Control saline

Positive Control (TEM*) 0.3 mg/kg

The dosage levels employed for compound FDA 7140 are as follows

for Host Mediated Assay in vivo in mice.

Low Level 50 mg/kg
Intermediate Level 500 mg/kg
LDg 5000 mg/kg
Negative Control saline
Positive Control
(EMS **) 350 mg/kg
(DMN*#** ) 100  mg/kg
* Triethylene Melamine

** Ethyl Methane Sulfonate
***  Dimethyl Nitrosamine

EB BIONETICS 4
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The dosage levels employed for compound FDA 71-40 are as follows

for the Dominant Lethal Assay in vivo in rats.

Low Level 50 mg/ kg
Intermediate Level 500 mg/kg
LDs 5000 mg/kg
Negative Control saline

Positive Control (TEM*) 0.3 mg/kg

The in vitro cytogenetics studies were performed employing

three logarithmic dose levels.

Low Level 5.0 mcg/ml
Medium Level 50.0 mcg/ml
High Level 500.0 mcg/ml
Negative Control - saline

Positive Control (TEM*) 0.1 mcg/ml

The discussion of this test is contained in the technical
discussions.
D. Methods
The protocols employed are explained in Appendices C and D.
E. Summar
1. Host Mediated Assay
Compound FDA 71-40 produced no significant reversion or recom-

binant increases in Salmonella strain TA-1530 or Saccharomyces strain D-3

respectively.

The results from tests using Salmonella strain G-46 indicated
that this compound induced reversion in both the acute and subacute trials.
A slight dose response was observed in the acute trials but not in the sub-
acute trials.

Repeat tests of the subacute trials indicated the compound

induced reversion, although the results were dose independent.

A1l in vitro tests were negative.

[B BIONETICS ' 5
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?. Cytogenetics
(a) 1n vivo - The compound produced no detectable significant
aberration of the bone marrow metaphase chromosomes of rats when administered
orally at the dosage levels employed in this study.
(b) In vitro - The compound produced no significant aberration
in the anaphase chromosomes of human tissue culture cells when tested at the

dosage levels employed in this study.

3. This compound was considered to be non-mutagenic in rats
in the dominant lethal assay when using the dosages employed in this

study.

@ BIONETICS 6
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F-RESULTS AND DISCUSSION
1. TOXICITY

a. In vivo

Two male rats with an averay: body weight of 370 grams were given
compound FDA 71-40 on an acute basis of 5000 mg/kg of body weight. The
compound was in a suspension of 0.85% sterile saline and was administered
by gastric intubation. A1l animals appeared normal during treatment and
for an additional five days post-treatment observation. Necropsies of
these animals on day Six revealed no gruss morphological change in the
organs examined. The work was repeated with a group of ten male albino
rats with an average body weight of 383 grams with the same findings. In
the experiment 5000 mg/kg was adu.nistered at the high level, 500 mg/kg
at the intermediate level, and 50 mg/kg at the low level. These dosages
were employed in both the acute and the subacute in vivo studies. Auiumlg
in the acute studies were given a single dose of the compound. The sub-
acute study animals were given the same dosages as those in the acute study,
each day for five consecutive days 24 hours apart.

b. In vitro

The compound was suspended in 0.85% saline at the concentrations
listed. Tt was introduced into culture tubes containing WI-38 cells in a
logarithmic phave of growth. The cells were observed for cytopathic

effect (CPE) and Lune presence of mitoses at 24 and 48 hours.

[B BIONETICS
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Conc.

Tube No. No. of cells mcg/ml CPE Mitosis
1 5X10° 1000 + ;
2 " 1000 + +
3 ) 500 - +
4 ! 500 - +
5 ! 100 - +
6 " 100 - +
7 " 50 - +
8 " 50 - +
9 " 10 - +

10 " 10 - +

Since a CPE was observed at 11300 mcg/ml a closer range of concentrations

was employed, as follows.
5

1 1X10 1000 + +

2 . 1000 - +

3 " 750 + +

4 " 750 - +

5 " ‘ 500 - +

6 " 500 - +

7 " 250 - +

" 250 - +

9 " 125 - +

10 " 125 - +

The high level used was 500 mcg/ml. The intermediate level used was

50 mcg/ml and the low level 5 mcg/ml.

[E BIONETICS
Litton



c. TOXICITY DATA
COMPOUND FDA 71-40
This compound was administered at an extremely high concentration «f 5000
myg/kg with no abnormal effect observed in the animals.
Solvent: 0.85% sterile saline
Animals: Two (2) male rats--average weight 370 grams (observation
period six [6] days).
Ten (10) rats--average weight 383 grams (observation period
five [5] days).

Range finding:

Dose No. Dead/No. Animals Necropsy and Day of Death
5000 mg/kg 0/2 None
5000 myg/kg 0/10 None

There were no abnormal gross pathology findings in the animals dosed at

5000 mg/kg and a determination of an LD50 was not performed.

:E BIONETICS ’
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2. Host Mediated Assay
Compound FDA 71-40 produced no significant reversion or recom-

binant increases in Salmonella strain TA-1530 or Saccharomyces strain D-3

respectively.

The results from tests using Salmonella strain G-46 indicated
that this compound induced reversion in both the acute and subacute trials.
A slight dose response was observed in the acute trials but not in the sub-
acute trials.

Repeat tests of the subacute trials indicated the compound
induced reversion, although the results were dose independent.

ATl in vitro tests were negative.

[E BIONETICS
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EVALUATION SHEET

Compound:  71-40  Dilauryl Thiodipropionic Acid

In Vivo
Possible
Indicator Strain In Vitro Low Recoveries Controls Other Comments
TA-1530 pos. NC NC 0K 1. The recoveries of some of
PC the subacute trials were
ETEE zw‘;‘ ~ AL PC OK low and slightly élevated
e neg Al the reversion freq. The
AH SANC OK results are still in line
il lrx e a SANC and should be acceptable
Gebeentes SAL
SAI}
SAH
G-4L5 1. Acute doses are
NC NC oK positive and show
v )il 22 pos. PC a dose response.
-~ AL PC A little low 2. Subacute doses are
neg. Al positive. No dose
AH SANC 0K response.
SANG
SAL
SAI
SAH
D3 1. No problems
e w NC NC 0K
i1 acoteg pos. PC
AL PC 0K
neg. Al
‘;'/ 5//4 Suhbtccntes AH SANC 0K
SANC
SAL
SAI
SAH

sunmary:  These mice were tested under the same positive control as compound 36
and my comments regarding the lower than expected positive control results apply
to this compound. All of the other data should be acceptable. The fact that

—-~gome of the subacute recoveries for TA-1530 were a little low was not reflected

) in the reversion frequencies which were well in line with
L\/nAy;VQ ¢¢Apg what would be expected. G-46 results indicate mutagenicity v vuy
- by this compound. TA-1530 and D3 were negative.

(
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EVALUATION SHEET

Compound: FDA-71-40
(Repeat)

In Vivo

Possible
Indicator Strain In Vitro Lo Recoveries Controls

Other Comments

TA-1530 pos. NC NC
PC
AL PC
neg. Al
AH SANC
Not repeated SANC
SAL
SAIL
SAH

G-L6
NC NC OK 1,
pos. PC-
AL PC OK
neg. Al
AH SANC OK
SANC
SAL
SAI
SAH

Subacutes only

All three dose levels
appear positive and
show a slipght dose
response,

D3
NC NC
pos. PC
AL PC
Not repeated neg. 2; SANC
SANC
SAL
SAI
SAH

Summary : Compound 40 shows mutagenic activity in G-46 at the subacute level
when compared to the positive and negative controls. A slight dose

response 1s seen, although 1% is probably not significant.

- these results should be accepted,
b . '

I feel that

12



HOST MEDIATED ASSAY
- SUMMARY  SHEETS

CONTRACT FDA 71-268
COMPOUND FDA 71-40
DILAURYL THIODIPROPIONIC ACID
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HOST MEUIATED
SUMMARY SHEET
OUTLIERS REMOVED
COMPOUND: FDA 71-40
SALMONELLA
TA1530 G=-4
MMF MFT/MFC MMF
(X 1CE-8) (X 10E-8&)
ACUTE
NC 1.00 .62
PC 0. 0. 16. 46
AL 0. 0. 0.
Al 0. 0. 0.
AH 0. 0. 0.
SUBACUTE
NC 1.00 £2
5L 0. 0. 5.62
S 0. 0. 6.36
SH 0. 0. 6.08
IN VITRO TA1530 G-46
% CONC
NC
PC
STCP
SRU's: .0
ISWITCH INS$:MC606
D1V

ASSAY (REPEAT)

MFT/MFC

26.55
C.
C.
0.

9.06
10-26
9.81

D-3
% SURVIVAL

MRF
(X 10E-5)

.00

OO OO

(]
(>}

OO O
L] L] . L

R X 10ES5

ES D-3
MRT/MRC
.

G.

0.

g.

O-

a.

0.
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nus T MCULATED ASSAY {REPEAT)

COMPOUND: FDA T1-40

SALMONELLA SACCHAROMYCES D-3
TA1530 G-46
MMF MFT/MFC MMF MFT/MFC MRF MRT/MRC
(X 10E-3) (X 10E-3) (X 10E-5
ACUTE
NG 1.00 .62 1.00
p G. 0. 16.46 26.55 0. 0.
AL 0. 0. 0. 0. 0. 0.
Al 0. 0. 0. 0. 0. C.
AH 0. 0. c. 0. g. 0.
SUBACUTE
NC 1.00 .62 1,00
SL C. 0. 5.62 5.006 C. 0.
S1 0. 0. 6.03 9.73 Q. 0.
S5H 0. 0. 6.33 10.21 0. 0.
IN VITRO TA1530 G-46 D-3
: % CONC % SURVIVAL R X 10ES

NC
PC

STOP

SRU'S:.5

V1OFF

USACEZ ON Q0T7/30/73 AT 10:25:23

SRU'S5:3.8 ELAPSED TIME: 00:10:48

9
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HOST MEDIATED ASSAY
DATA SHEETS
CONTRACT FDA 71-268

.COMPOUND FDA 71-40
Dilauryl Thiodipropionic Acid
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Host Mediated Assay - Adjusted Raw CFU x 107/0.6 ml

The true raw colony counts were lost through automation
for this_compound. Thus, the source of the adjusted raw
CFU x 107/0.6 mi (Column A) was the true raw counts as assin-
ilated by the automatic colony counter, multiplied by the
automatic proaram by 0.16666666666667 (Cotumn B) «nd then
divided by 0.1667 (the chesk figure). The original concept
was that the true CFU x 107/0.6 ml would be printed as column
A. Through a programing anomaly the Column B check figure was
obtained as the raw CFU x 107/0.6 ml and recorded as such.

Step 1: Technician set counter - plates on counter.

Step 2: Automatic equipment accumulates counts on
3 plates of 1076 dilution as CFU x 107/0.6 ml.

Step 3: Automatic equipment multiplies count obtained
in step 1 by 0.16666666666667 to obtain total
count/ml at 108,

Step 4: Automatic check of result of step 3.
TC x 108 ; 0.1667 = CFU x 107/0.6 mI

Step 5: Technician was to record the true raw CFU x
107/0.6 ml1 in Tog book, however, through error the
computer provided the Column B check figure as the
raw count,

To clarify the problem Column A is headed Adjusted Raw CFU X 10E7/
0.6 ml in each case where the check figure was provided as the raw
count.
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HOST MEDIATLD ASSHAY REPORT SHOET
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(BEDELRT)

COMPOUND: FDA T71~40 ORGANISM: SALMONELLA G-46
U3SE LEVEL: NEGATIVE CONTROL - SALINE

TREATMENT: IN VIVO, ORAL, SUBACUTE DATE STARTED: JULY 9, 1973

A B C D
TOTAL NO. MUTATION
ANIMAL RAW CFU X TOTAL CFU X MUTANTS X FRE (C/B)
NUMBER 10E7/0.6ML 10E8/1.0ML 10EG/1.0ML X 10E-§
1 53.90 8,98 2.00 .22
2 54,80 9.13 5.00 .55
3 35.70 5.95 2.00 .34
it 50.30 8.38 6.00 .72
5 41.39 6.868 4,00 .58
6 44,20 7.37 6.00 .81
7 83.70 13.95 8.00 .57
8 61.90 10.32 7.00 .68
9 52.18 8.€8 7.00 21
10 36.30 16,05 15,00 .93
NO. OF ANIMALS EQUALS 10
coL. B coL. ¢C coL. D
(X 10E8) (X 10EQ) (X 10E-8)
ME AN 9.57 6.20 .62
RANGE 10.10 13.00 +T1
MAX 16.05 15.00 .93
MIN 5.95 2.00 .22
NO OUTLIERS
STOP
SRU'S:.6
ISWITCH INS:MC662
I1SAL
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SRU'S: .6

HGST MEDIATED ASSAY REPORT SHEET (REPEAT)

COMPOUND: FDA T71-40 ORGANISM: SALMCONELLA G=-L46
DOSE LEVEL: POSITIVE CONTROL - DMN - 100 MG/KG
TREATMENT: IN VIVO, ORAL, ACUTE DATE STARTED: JULY 9, 1973
A B c D
TOTAL NO. MUTATION
ANIMAL RAW CFU X TOTAL CFU X MUTANTS X FRE (c/B)
NUMBER 10E7/0.6ML 10E8/1.0ML 10E0/1.0ML X 10E-8
1 84.50 14,08 182.00 12.92
2 58.00 9.67 176.00 16.2%
3 89.00 14,83 187.00 12.61
4 39.30 6.55 143.00 21.83
5 56.10 9.35 1532.00 16.35
6 35.90 5.68 132.00 22.06
7 63.00 10.50 193,00 18,95
8 76.70 12.78 173.00 13.53
9 72.20 2.03 141,00 11.72
10 65.20 10.87 178.00 16.38

NO, OF ANIMALS EQUALS 10

COL. B coL. C coL. D

(X 10E8) (X 10EO0) (X 10E-8)

MEAN 10.67 166,40 16.46
RANGE 8.65 67.00 10.34
MAX 14,83 199,00 22.06
MIN 5.98 132.00 11.72

NO OUTLIERS

ISWITCH INS:MC663

ISAL
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HOST MEDIATED ASSAY REPORT SHEET (REPEAT)

COMPOUND: FDA 71-4C ORGANISM: SALMONELLA G-46

DOSE LEVEL: LOW - 50 MG/KG

TREATMENT: IN VIVO, ORAL, SUBACUTE DATE STARTED: JULY G, 1973
A B (o D
TOTAL NO. MUTATION
ANIMAL RAW CFU X  TOTAL CFU X MUTANTS X FRE (C/B)
NUMBER JA0ET/0.6ML 1CES/1.0ML 10E0/1.0ML X 10E-8
1 75.10 12.52 59.00 4,71
2 31.80 5.30 38.00 7.17
3 68.80 11.47 25.00 2.53
it 82.30 13.72 71.00 5.18
5 74.90 12.48 48,00 3.85
6 69.30 11.55 73.00 6.32
7 45.60 7.60 62.00 8.16
8 58.20 9.70 68.00 7.01
NO. OF ANIMALS EQUALS g
NO. OF CONTAMINATED EQUALS 1
TOTAL CFU OUT OF RANGE EQUALS 1
cCoL. B coL. € coL. D
(X 10E8) (X 10€E0) (X 10E-8)
MEAN 10.54 56,00 5.62
RANGE 8.42 by, 00 5.63
MAX 13.72 73.00 8.16
MIN 5.30 29.00 2.53
NO OUTLIERS
STOP
SRU'S:.6
ISWITCH INS:MC664
ISAL
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* SUMMARY WITH OUTLIERS REMOVED

COMPOUND: FDA 71-40
DOSE LEVEL: INTERMEDIATE - 500 MG/KG
TREATMENT: IN VIVO, ORAL, SUBACUTE
A B
ANIMAL RAW CFU X TOTAL CFU X
NUMBER 10E7/0.6ML 10E8/1.0ML
1 T7.10 12.85
P 71.80 11.97
4 55.90 9.32
5 73.90 12.32
6 45,80 7.63
7 52.30 8.72
& 64.20 10.70
9 66.10 11.35
NO. OF ANIMALS EQUALS 9
NO. OF CONTAMINATED EQUALS 1
coL. B
(X 10E8)
MEAN 11,15
RANGE 7.883
MAX 15.52
MIN 7.63
COL. B
(X 10E&)
MEAN 11.05
RANGE 7.88
MAX 15.52
MIN 7.63
$:MCEL

DATE STARTED:

C
TOTAL NO.
MUTANTS X
10E0/1.0ML

,2.00
41.00
91.00
49.00
73.00
65.00
71.00
56.00
©3.00

coL. C
(X 10E0)
65.67
50.00
91.00
41.00

coL. C
(X 10E0)D
68.75
42,00
91.00
49,00

JuLy g, 1973

D
MUTATION
FRE (C/B)
X 10E-8

VT COOOUT\IITUTLWLD O
VT 0O B ATAD PO O Bl
(OARVERVAR \CEFE R oA o2 UV M ¢ h)

* [ » L] . » * »* »

coL. D
(X 10E-8)
6.03
5.09
8.52
3.43

coL. D
(X 10E-8)
£.36
3.28
8.52
5.23



87

STC®
SRUT -1,
1SW O

HOST MEDIATED ASSAY REPORT SHEETY

COMPOUND: FDA T1-40

COSE LEVEL: HIGH - 5000

MG/KG

TREATMENT: IN VIVO, ORAL, SUBACUTE

(REPEAT)

ORGANISM: SALMONELLA G-46

ANIMAL
NUMBER

1

QO o3 N Irlw N

s

A

RAW CFU X
10E7/0.6ML

84.20
44,20
89.50
- 37.80
68.70
21.70
60.30
48.90
51.20
by, 40

NO. OF ANIMALS EQUALS

MEAN
RANGE
MAX
MIN

s
2

MEAN
RANGE
MAX
MIN

TOTAL CFU X
10E8/1.0ML

10

B

14.03

coL. B
(X 10e8)
9.18
11.30
14,92
3.62

coL. B
(X 10E8)
9.80
8.62
14.92
6.30

SUMMARY WITH OUTLIERS REMOVED

DATE STARTED: JULY 9, 1973
o D
TOTAL NO. MUTATION
MUTANTS X FRE (C/B)

10E0/1.0ML X 10E-8
80,00 5.70
51.00 6.92
84.00 5.63
46,00 7.30
64,00 5.59
31.00 8.57
61.00 6.07
7.00 L.54
£0.00 7.03
44,00 5.95
coL. C coL. D
(X 10E0) (X 10E~-8)
55.80 6.33
53.00 4,0
84,00 8.57
31.00 4,54
coL. C coL. D
(X 10E0) (X 10E-8)
58.56 6.08
47.00 2.76
84,00 7.30
37.00 4,54
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HOST MEDIATED ASHAY REPORT SHEET

Comuuills FDA 71-40

DUSE LEVELS

NEGATIVE CUONTROL = SALINE

T<EATHMENT: 18 VIVC, ORaly ACUTE
A i3
‘ TOTAL Cry
A Le,b RaW CFU X SCREENED X
Nt 1057/ el 10gS/ Lets |
1 22630 olig
& 173420 ol 7
5 133.00 elJd
Ly GU S« ) 2D
D 20060 el f
s 1Uved0 ell
7 196.00 o2
{s SYSYEIN] Y
7] 181.00 elo
TOTAL 2e2y
Nide OF i NTALS Ecinlb G
NOs OF CUNTAMINATED CQUALS 1

i AN CZiEaN X heBU

ME AN

AN

AR

'n.!“
NV CTVR N T

COLe o
{xn LD}
v 28
o Y
o0y

v 1]

URGANLSHMS

DATE STARTED:

C
ToT. L
ReCUviaINGNTS
/le 0L

Seul
100
« 00
4e 00
2e00
Le00
2140
100
+ 00U

12400

Luolke C
(A Luoku)
133
4.00
Yoo

o U

SACCHAROMYCES De

HAY 1y 1072

D

FECOUR/CTL)

SCHEENED X
1oF=5

(oAl

1
« 73

» 00
Hel7
Tel
Q.17

e N7

270
o 10

- CcoL, N
(A 10E %)
4,27
Q9,17
Gel?
o :0)

42



HUST 2 DIATEU ASHAY RUPORY SHEET

COMPOUNUE FDA T1=40 ORGANISHS SACCHAROMYCES D=7

DCSE LEVELS POSITIVE CONTROL = EMs 350 ME/KE

ToLATKENTS IN VIVOe ORALe ACUTE DATE STARTED: MAY 1 1072
A o] C 0
ToTAL CFU TOYAL RECOMB/CFU
ARl mak RAw CrU X SCREENCD X RECUM INANTS SCRECNEN X
Moo LR L0E5/1 0L LOEL/LeuL. /1404l 16E=5
414,00 4l cfl!UO S0 72
c cB63.00 At 1400 63510
3 301.00 IRYY! <QeUD AEe UH
“+ 299,00 « 14400 e it2
b 2324000 ! lie0U U740
O 326400 03y lye 0} SR, 24
1 10590 olu e LU TTe6:7
o 200460 el 14010 He O
9 193.00 e Ly 12.00 6218
19 ) 392,00 o 5 cee 0 he.12
ToTAL 2ebid lugeu0

NOe OF ANIMALS EQUALS 10

Ghid C/slaN 3= S0 e B0
CoL. QO Colbe C colL., D
(x 10.%8) (X 10E0Q) (X 107=5)
mE AN o0 16400 58457
RAOE 5] .00 30,45
M AN ot l 22400 7767
MIN el0 85600 W02

* SUMMARY ITH ODUTLAIFRG REMOVED

M AN C/ZXEAN B = b6ed7
CUL» 'r‘, Llf‘l.c ({ (’OL,. ]
(X . H) (X 10ED) (% 10.--%)
A s 0) l()lbi.; S{ao"“‘
PLATdGTE, e 2 1108 19, .9
CRA el YL (A
AN 19 11,0 600
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COMPOUND s FDA

UDOSE LEVELS LOW = 50 MG/KG

TREATMENTS IN

AHTMAL RAW CFU X
NUMBLR 10ES5/1+«0ML

OCONDIPOE OGN -

TOTAL

NOs OF ANIMALS EQUALS
NOs OF DEAD ANIMALS EQUALS

Hi AN C/MEAN B

NO QUTLIERS

HOST MEDIATED ASHAY REPORT SHIET

7140

VIVO,

A

308.00
290.00
473400
421400
63300
213.00
L2300
28700
53100

MEAN
RALGE
MAX
MIN

ACUTE -

B

TOTAL CFU
SCRELNED X
10571 0ML

31
29
o7
42
o3
«22
L Y-
09
53

Se58

1

ColL. B

(X 10L5)

40
bl
63
22

C

TOTAL
RECOMBINANTS
/1e0ML

2,00
2.00
3.00
2,00
4,00
1,00
1.00
1,00
2.00

18,00

COLe C
(X 10E£0)

2¢00
300
4s00
100

DATE STARTED: MAY 1y 1972

D

RECOMB/CFU
SCRUENED X
lUE=5

6e49
690
HedY
be75
6ed2
he09
2436
Jeltid
Sel7

COL. D
(A luc=bH)
5.00
4,53
6.50
2436

ORGANIM: SACCHAROMYCLS L=3
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HOST MLOLATED ASHSAY KEPORT onEET

CoMPoUtiley FDA 71=-40
DOSE LEVEL s IMNTERMEDIATE <~ 500 MG/KG

T EATEENT ) LN VIVOe OrALe ACUTE

M B

C
TOTAL CiU TOTAL
AHIMAL KA CFU X SCREENED X RUCGHMILINANTS
oL R 105/ OML 16/l elitl /1l.0bL
1 230400 v ld 200
Py 186200 ol 100
3 eB7400 .2t 3.00
b S390.00 YY) 3400
¥ 24300 el 3400
) vlU«D0U o U 700
7 193.00 e 20 100
8 R35.00 ol 1.(.)0
Ta7T W delxd £1.00
e OF ANIMALS EQJALS )
NGe OF LEAD ANIMALS bGUALS 2
sisiN CAHEAN B = Hel9
COolbe O3 Colee ©
(X 10.5) {A 1OED)
ME AN 22 2635
FANGE 42 6e 00
Vb K v 5.0 T+00
MIN 013 1.00

NO OQUTLLLKS

UATE STARTEDS

ORGARMLISMS SACCHAROMYCES D-3

MAY 1. 1272

D
RECOMB/CFU
SCRECNED X

191 =56

8.70
g, 0N
106475
e
12439
1167
5013
231

ColLe
(X 100«%)
7 ¢ 06
10414
12.3%
cedl
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CGAaryLNUT Foa 7he4) UROANISYE SACCAHAROMYCES o
DUHE LEVLLY HIOGH = BuJu MG/KG
Tt~ TErT e T VIVUr Ol ACUTE UATE STARTEDS BAY 1y, 1072
A 8] C D
ToTal Cu Foval RECO“R/CIY
roalviak ALk Crl) X SCic BN X RLCOM s JHANTS SCREENMED X
RIPRINT T LUEO/1 o 3L Lupu/Ziai L /leunb 10T«

1 b2l.0d PRI 700 13.4h
“ 507010 vl 4400 T e O

3 35210 ° 30 20U Beh
i ;)aUu-”U R ,_{-00 Freal
o [47;)';’0 o/ S U0 Ge Rl
€ cBU ey . 5000 10642
7 203+ 00 ol 140 o™
& h21euU R Geul Tolrfy
G c2es 00 w il 1 «00 l} o550

TuTii Je'l S7eid0

MUe OF NITHALS EOUALS 2

TOTAL SCHpeNecD OUT OF RaNotl EQUALY 1
FT A VI oF AT L SN T el

. Cole 83 Lole & coL. D
{x 106.5) {x 10ED) (X 10:5=5)
HEAN o ufy 3,08 7.41

i\l\luu’: 0-'.22 6'00 SI(-J”
LIAK o2 7400 1h.44
MIN v i) 1.00 4,%0

w SUMMARY wiTH OUTLIERS REHMOVED

©, MEAN C/ERAN B = 5ol

LUl S Coles o cot., 0

Coo b 5y) (o 1oca) {X 16 =13

e .o e O (7
IR oo? L g Ui SURAS
AX .o Yol R

AT o0 1.00 4,50

T P CFU I S A TV B & SO S L Uabjs CFUa07 cuu

ISVIV B 237 oui g LINES 6L0  PROCLYSING Tk 22e¢71 SECONDS



HOST MEOIATED ALGAY REPORY LHEET

CurPOUNGY FOA 71«40 OROANTSME SACCHAROMYCES D3

POGE LEVELS NEGATLIVE CONTEOL = SUGACUTE TiIALS

THRATHENT Y InN VIVOe OGiRALe ACUTE QATE STARTEDS HAY Se 1072
A 8 C D
TOTAL CrU TOTAL RECOMB/CFY
FRUD SR Kad CHU X SCREENLD X RECOMIINANTS scegonen X
HuMclLR 1L/ 080 100G/ 00L /leunt, 1085
1 243.00 o 24 1.00 o122
P4 42k« 20 S 2«00 G o7
3 193,64 1y 1.00 519
4 207400 ol 100 ef
H 391.GE ) e 00 570
5 333.C0 o33 1.00 3«00
7 180400 19 « 00 10
] z91.0u Ay 200 e RT
9 Lhil.00 L S¢00 TelD
i9 3s2enQ I 100“ 2e¢70
TOTAL a0 1400

NUe OF nANIMALS EGUALS 10

P C/GAN B boeia
COolL. 3 Col.e C Col.e D
(X 10:5) (X 1UEOD) S {X 100=%)
HE AN s 00 1,40 U i3
HANGE sy S« 00 7,30
CRX » P U0 T e 30
MIN 019 OOU 000

4 SUMMARY WiTH OUTLIEKS REVOVEL

MUAN C/ZMEAN B = 4.95
COL o Coblee © rol. 0
(a 204) (A 1ues) (X 10 7=8)
o Y Il RS T e
FANDL 003 el HarAY
RIWS o) Z.0 Fe
i ' i 1.0 P, n
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HoST pul BTE W ASLLY
curPyUilbe FOA Ti=40
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3. Cytogenetics

In vivo
(1) Acute study

The chromosomal abnormalities observed in the positive
controls were significantly higher than either the negative controls or
the compound. The percentage of aberrations observed in the compound
dosage groups was within the normal negative control values. The fre-
quency of breaks in the negative controls was well within the range

that we have seen in the past (0-6%). Mitotic indices were normal.

(2) Subacute study
The only aberrations observed in these groups were 3%

breaks in the negative controls and 2% breaks in the high dose level.
These are within normal limits. Mitotic indices were normal.

In yitro

Anaphase preparations were examined in this test. The
positive control compound produced a significantly higher percentage of
aberrations on the chromosomes than the negative control or the test
compound, Depression of the mitotic index due to the positive control
was not as pronounced as in the in vivo test. The effect of the compound
on the cells observed was negative. Negative controls were well within

normal limits.
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CYTOGENETICS
SUMMARY SHEETS
CONTRACT FDA 71-268

COMPOUND FDA 71-40
Dilauryl Thiodipropionic Acid
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DILAURYL THIODIPROPIONIC ACID
FDA 7140
ACUTE STUDY
METAPHASE SUM'ARY SHEET
% Cells % Cells % Cells % Cells
Dosage Lo, of No. of Mitotic*** wizh with Other with

Compound (ma/ke) Time* Animals Cells Index % Breaks Reunion Aber.** aber.
kegative Control saline & 3 180 9 0 0 0 0

24 3 150 8 1 0 0 1

48 3 150 6 5 0 0 5
Low Level 50 6 5 250 12 0 0 0 0

24 . 5 250 10 0 0 0 0

48 5 TTG 10 0 0 0 0
Intermediate Level 500 6 5 250 13 0 0 0 0

24 5 250 7 3 0 0 3

48 5 250 8 0 0 0 0
High Level 5000 . 6 5 250 12 0 0 0 0

24 5 250 13 ] 0 0 1

48 5 250 13 2 0 0 2
Positive Control(TEM) 0.3 48 5 250 4 22 9 3(a) 31

e N

*Time of sacrifice after injection (hours)
*x*Col]s that have polyploidy (P), -ulverization

(po), or greater than 10 aberrations (a).
8f** % of cells in mitosis:500 cells observed/animal.



DILAURYL THIQDIPROPIQNIC ACID
FDA 71- 40
SUBACUTE STUDY
MZTAPHASE SUMVARY SHELD
v % Cells % cells % .Cells
Dosage* No. of No. of Mitotic***  with with Other
Compound {ma/kg} Animals Cells Index % Breaks Reunion Aber **
Negative Controi saline 3 150 12 3 c 0
Low Level 50 5 250 13 0 0 0
Intermediate Level 500 5 250 13 0 0 0
High Level 5000 5 250 10 2 0 0

*Dosace 1X/day X 5 d=vs
**(ells tnat nave poiypioidy (F), pulverization {(pp), or greater than
*%*x% of cells in mitosis:500 cells observed/animal.

¥S

5 Cells
with

aber.



nT: op TRTAATRIDADTANT A r
UILHU"YL TR100LT RO?;O&‘HV A'..ID

n
FDA 71- 40
ANAPHASE SUMMARY SHEET

% Cells

. with % Cells % Cells

Dosage . Mitotic*>  HNo. of Acentric with % Multipolar Other

Compound {mca/ml) Index Cells Frag. Bridaes Cells Aber.*
Low Levei 5 2 , 100 0 0 0 0
Medium Level 50 1 100 0 0 0 0
High Level 500 5 100 0 0 0 0
Negative Control saline 4 100 ) 0 0 0

Positive Control .

(Ten 0.1 2 100 13 6 0 0

¢ .
*Cells that have polyploidy (P), pulverization (pp), or greater than 10 aberrations (a).

**x9 of ~ells in mitosis:200 cells observed/dose level.

o
o



4. Dominant Lethal Assay
The interpretation of these data was made by Dr. David Brusick,
Assistant Professor of Microbiology, Howard University, Washington, D.C.,
as a consultant to LBI.

a. Fertility Index

Acute Study - A1l the experimental groups were shown to differ
significantly from the control group in week 7, having a lower fertility rate
than expected.

Subacute Study - The low and high dose groups were shown to
differ significantly from the control in week 3, with higher fertility rates
than expected. Week 7 showed the same results as the acute study. Signi-
ficant linear relationships with dose were shown for both of these weeks.

b. Average number of implantations per pregnant female

Acute Study - Significant differences in the experimental groups
from the control group were seen in weeks 1, 3, 4, 6, and 7; decreases were
shown in weeks 1, 3, 4, and 7. A significant relationship to dose was shown
in weeks 1 and 3.

Subacute Study - A significant relationship with dose was shown
in week 6, where the average implantations increased with dosage. The inter-
mediate dose of week 7 showed a significant increase. The intermediate dose
of week 2 was significantly decreased.

c. Average corpora lutea per pregnant female

Acute Study - A significant decrease in the intermediate dose
group from the control group was shown in week 3. In week 4 the Tow and high
dose groups showed significant decreases, and in the 8th week all experimental
groups showed significant decreases. The results in all of these weeks were
significantly related to dose.

Subacute Study -~ The intermediate dose group showed significant
increases in weeks 6 and 7 and the high dose group showed a significant
increase in week 6. In both weeks a significant relationship with dose was
shown. Week 5 showed significant increases at the Tow and high doses which
are dose related. The high dose of week 1 was significantly decreased.
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d. Average preimplantation losses per pregnant female

Acute Study - Highly significant, dose related increases in the
experimental groups were shown in weeks 1 and 7. Significant dose related
decreases were shown in week 8.

Subacute Study - Significant, dose related increases in the
intermediate and high dose groups over the control were shown in week 7.

The low dose group showed a significant increase over the control group in
week 6. The high dose produced a significant decrease in week 1.
e. Average resorptions per pregnant female

Acute Study - The intermediate dose group in week 1 and the high
dose in week 7 showed a significant increase over the control. In week 4 the
intermediate and high dose groups showed significant dose related decreases
from the control.

Subacute Study - Decreases at the high doses noted in weeks 1
and 2 were shown to have a significant relationship with dose. The low and
high dose groups showed significant increases over the control group in week
3. In week 4 the intermediate dose group showed a significant decrease from
the control.

f. Proportion of females with one or more dead implantations

Acute Study - The intermediate dose group showed significant in-
crease in week 1. In week 4 both the intermediate and high dose groups showed
significant dose related decreases.

Subacute Study - The high dose group.differed significantly in
weeks 1, 2, and 3, showing lower in weeks 1 and 2 and higher in week 3. The

intermediate group was seen to have a significant decrease in week 4.
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g. Proportion of females with two or more dead implantations
Acute Study - Significant reduction at intermediate dose at
week 3.
Subacute Study - In week 3 the high dose yroup showed a signifi-
cant increase.
h. Dead implants / Total implants
Acute Study - Significant increases at the intermediate dose of
week 1 and the high dose at week 7.
Subacute Study - Significant increases are observed for the low
and high doses of week 3. Significant decreases were obtained at the high

doses of weeks 1 and 2 and the intermediate dose of week 4.
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DOMINANT LETHAL SUMMARY TABLES
CONTRACT FDA 71-268
COMPOUND FDA 71-40

DILAURYL THIODIPROPIONIC ACID

1] BIONETICS

Litton



mne
(VAN )

non
el o

=)

09

L TITY
nRS T W
.

'

SYHBCLS

TUT NEGE

9%}
m o

LS B
o=
4
W
(%]

SRR

T, %

-~ A 1 %

o1,

w e

- ISISIRC BN E
[

vt 3IGNIN

192}

¢ 1

. -
- i
L 4
i) 1
H i

( “
i

¥
N -
~

.

v o

Iy

"ISTNFICHL

CONTRMN
CONT

N

1/159=0

——t

-

4/15

-l-

AL

S/160=3

3/157=¢C

‘ST LIYE

IFTCANT
TTICANT

1/160=0.

ONTRCL

T T T n
L4 ,or“\.‘

FAR )

« U

.75

(R N
— e 4

X3
W

o
un

DY O DIFFETEYT VEC™

Lol ol 4
o

N T T

B

-
o

-
SRS

3 19

4
5 <
te by

—
fad
~
b
o
>
o
Ul

16 /16=0.85

16 7000
IR APAC Y

20/20=1.00

18,20=0,90

ES5S THAN
THAN

P VY

SIGNIFICANT &

(‘C\‘m ')r\l'{
ATJONSHIP ¥ITH

—r e - -

o . r - vz
FERTILITY INNEY
DNET OLEVEL nNSE TFVED
50,000 NG /KRG ST GND MG/ED

12/108=0,%U

18/20=0.90

19/20=0.95

-
=
\\
ND
(]
1"
<
.
~)
<2

0.55%%
%

11/2

13/19=0.69

ELATIONSUIPS

CANT RELATIONSHIPS

0.C5
2.01

ARITH 0B 1046

DNSE

13/19=0.69

16,/19=0.85

T 20=0,70

19/20=0.985

20,26=1,00

*

-
—d
ym

e
\\

o

H
<
L ]
~J
(V)

10/20=0.50%=
ok

17,20=0.85

ND DIFFEFRINCE

AND DIFFEFENCES

(HEADTING

SOCC, 000 MG /KRG
3/20=20,45
3

13,/13=0.73
15 /202075
. RS

17/720=0C

19/20=0.95

—
-
b
joe]
I
D
.
o
rJ

\\

14,2020, 70%x

14/20=0.70

I,
J5TNG

JSING

OF COLYMY)

s wrtem T~ T

1n/13=0,564

11/12=C,53

11/20=0,585

16/20=0,80

s 3
0
~
)
[ow
n
>
Ne]
fv]

Y
]
Nel
N

¥

\\
&J
(e
1t
[

20/20=1,00

16 /20=0, 80



[}

“ s
[ e]
w

[T

-

v

19

e

~ ey . ™o Ty N,y e
* S i N ! v "l G

PITH HISTOTICA ACATIVE §% LIVTL DOST LFVFL NERT ] 5TTIV
COSE CONTICL CONTROL 50,000 HG/KG  S5CC.000 MG/EG G000.000 “G/KG CONTEOL
1 131%1,109=12.8 171/13=13,2 138/12=11.2 159/13=12.2 96/ 9=10.72D 52/10= 5.72%".
1 g:f?\
2127,119212.0 13318211, 4 176/15=11.7 203/16=12.7 155/13=11.9 Q6 /112 T PEsn
I01435/119=212.1 217/16=13.6 148/12=12.3 165/14=11.8%379D 186/15=12. 43D 93/11= 8. %%
®23)]
L 1426/136=12.0 222/18=12, 3 182/18=10. 1%28N0 222,/19=11,7 191/17=10.7%3D 171/16=10. 7%
! *2aD oD

515612721105 221/13=11.6 228/19=12.C 236/20=11.8 227/19=12.0 205/18=11,. 4

1T712/128-11, 8 13871210, 6 178/10=12, 7%3
*

2
N
a

by

T 156,13=212.0 126/711=11.5 167/19= 8,820

7 1026/133=12.2 252/20=12.6 133/11=12.1 113,10=11.33D  167/14=11.9 205/20=10, 3 2>

*3D

5195 1/133=11.7 213/18=11. 8 157/13=12.1 198/17=11.7 16el0/14=11. 4 205/16=12.18

Y¥30L3 TITET LIYE LDENOTE SIGNIFICANT RFELATIONSHIPS AND DIFFEFFRENCES USING
HE NEGr IVE COKTRCI GFROUP

Y EBOLS UCOND LINE DENOTE SIGWIFICANT RELATICN3HIPS AND DIFFERENCES USING
T OHIST ICNL CONTECL GEQUY

.
Tz L,E. - IS5 TEAN G.05
-0 v,E8, = ESS THAN 0,01
cvr YA
¢ [ AU . 2
] P T AT T e IS S PR ‘ - - -
NEEPO P - Soay - - ;




[Se ]
5]

(S

TS}

nNom
oo

SR

.

™
.

29

N

..

I

e 3 -1

4

v

LJ
Do

W+

ta ~3

9
=
o)
*L

q(D 8
T,
AESTE | =
RV

3 o810
F2 51
I

AR

3] Tcmomvr-z

P4 el 2

{‘f“:m'r\v
PO Ny V)

TL0e /103213
1981 /11

e 1
: f"!.’.

5
|
Y
Lnd

T7EL/130=113

$/127=13

22=13

SFST LINE D
TONTROL GF

TUOND LTUNE

=13,

covTanTT ar STUTTRY LT TE
LUTFL DPTE PETSNALNT FIUNILE
n NIGATIV®E DOSF O LEVTL pesSrT IRVEL nogT TTVvEL DASTTI
CoNTECL, SRL000 M5 /HG COCLLNG YOV G SN0, 000 MG /UG IR ARNERS
.8 173/13=13.3 169,12=14. 0 188, 13=16. 2 121/ 9213.8 11710

)
—a
s

ALY

3 262/%=12.6 T8H/15=12.3 160/13=12

L2 217776212, ¢4 151/12=12.6 £O/10=12, 1430 100 /15210, 7 RCVARERES
=30

.1 225/18=12.5 193/18211.0%22D 222/19=11.7 127/17=11.0%32D 150/14=11
% 2D wHEAATD HEAMHD

.0 230/19=12.1 234,19=12.3 247/20=12.8 234/19=12.3 206/18=11.

<2 18G/13=13.9 221/1d4=15,17¢ P94,/ 13=14.9 THe 11215001 213/0759=00
x50 T 231

.3 255/20=12.8 156,11=14.28T  151,10=15,1#3T  185/14=13.2 250/20=12,

.7 318/18=17.7

kD NT
"RG DI

wAD242,17= 1L, 2%ED

N
>
-~
N
—
£
]
)
o
w
+*
£y
=

176/13=13. 5%

SNOTE SIGNIFICANT PELATINKSHTPS AND DIFFIERENCES USING

*GUP

DENOTE SIGRIFICANT FELATICNSHIDS AMD DIFFFRPRENCES USING
G ROoUP
~er
4
;o l
Sd
-

“T 3T P LESS 7THAW C,.05
NTOAT TOLESS THAT 0,01
TENT OTTCON ~rym T

N v N PN \ I fiiTa ToT ST Ty ey

[ P . : N Lo

243/16=

15.

s
o
"

)

AN

"

4

*+



0
O

<

».

.
.

‘-
-

)
‘o

(o]
EL )

e}

Q
(23

.-

- b
o tne

"

) #

[ B |
e vew
[o%¢]

[ne}

v
(S 22
4y \" ¢

174

P - - ~ar Ty > N R re T v ~ ey Ty T TROYAT A AT AT
AVIRAGE DPERIMPLANTATION LCOSSES PZR PRIGNANT FEALL
- ey oyt
1 xrm ~ (SRl Waad RS NS TTUYTT rACT Y ey '\(\'r‘f" ey T Pt",‘ TTY VT
DISTOPICAL REGATIVE DCSE LIVTL nOGT LEVTEL 7 LEVTL ;
5 ~ ~ s E? ATy
PN - - oA ANe T e [ A VAT A R vy oo non ¥z G Cf
CONTPFOL CouTECL L0 N5 /7006 CODLO00 MG/YE RUUd. . [}/\ H v :

4

! 153/109: 1.4 2/13= 0.2 lzu/12= J,RERAIT 25/13= 1,9%xp3T7 25/ 9= 2.8%%33I 373/10= 3,067

S 161/119= 1.6 19/16= 1.2 9/15= 0.6 1/16= 0.1 S /13= 0.t B3/11= ?.Qj:
*3D xE3DD *#)7D ‘

i 130,119: 1.1 0/16= 0.0 3/12= 0.3 4yru= 0.3 8/15= C.3  23/11= 2.1%70
‘ : £% 30D £%23D %3 #% ) AD

4. E L

5 158/136= 1.2 3/18= 0.2 1€/18= 0.9 0/19= 0.0 6/17= 0.4 a/16= 0.6
*%30D * kAN ®% 32D

B 1R2/127= 1.4 §/19= 0.5 6/1%3= 0.3 11/2C= 0.6 T/19= 0.4 uyz13= 0.2

—a
)

-
pery
Lag

2.7 4318 3,1 3R /13= 2.0 Le/11= 3.6 4r/13= 2.4

~J
"
=
—
~N
—
[0V ]
9
il

1.1 3/20= 0.7 23/11= 2,1%%22T 38,10= 3,9%¥207 18/10= 1.3%82T U45/20= 2.3%%7
MEGHD gl

©  272/133= 2.1 106/18= 5.9 19/13= 1.5%%a3D 44,/17= 2.6%2D  43/14= 2.12D 38/16= 2. ur R
%R T

¥ TIIST LINF DFNOTE SIGNIFICANT RELATIONSHIPS AND DIFFIRENCES USING

TIVE CONTRCL GROUP

NOSTCOND LIUE DE SIGNIFICANT RELATIONSHIPS AND DIFFEPENCES USTING
GH

.. R -y
cilsld CUNTRCOL

O =
Q
LaS I |
ey

- ~
LT AILE TFST .
e " e
WWTE-TARILED TIEST
-
. N ~ s - v mm oAy =
’ = SIGNITICAYT A% P LES5 TuAN Oo(‘:)
. Ty T s . '
. - SIGYIFICANT AT P LFSS THAY (.01
i LY ODISTIUENT OFROT OONTIOL
e e mem e iiwmwr w et o e e T T e T Tt
D S s R A ¢ o4, L P4 N SN T [ - H e s ER

TaAHT LA



,m >,
rem wea

¥9

.-

£ 1!
& !

5 11!

o
RYYENL
1772 NE
5YHUBONLY
T

ATITH

DCSFE

AND

AND
-y
OR
a1,
o
toar

(SIS

D

ol
-

()

-

‘

) e

~J

HIST I

Aavr e e e - Y i ~r e vy A —
- - i N pe N,
AVFRACT RESOTDTTANG (DIED IYDLARTS) PTR PRESNANT FIVALS
SISTORICAL YTGATIVE DOSE LITIL DASE TIVTH noTE LTUTL
CORTENI ConTICL R0LO00 MG/RG HODL, N0 MG/RG R0OT N0 MG v
Li/109=0,26 0 3/13=0.2¢ 5/12=0.42 11/13=0.8%%°T 3/ 3=0,34
*31
. . - ; , <4 -
53/119=0.45 4/16=0.25 4/15=0.27 3/16=0.19 17/13=1.31
a0
1/11%3.0.52  10,1(0=0,67 12 ,12-1,06 /100, 15 18 415-1,00
[V B RISV RS RS VI HE R B 7 L/ . O
327
. ‘ a Qo s 70 GHED
L2/136=0.46 0 12/18=0.67 5/18=1.23 £/1920.0 23D 1/17=0,06%8D

[

-

i

v oA

~—
t

T
i

el

L

INE
CL

G2

5] E

T
i/

® R ®%HHD

-d

9=0.16 =C. 1

*EHAD

3/ T/2C 2/19

EHHD

- e s~ - o om E N T R S s WY N sy 10
Z/lj:\’.T(’ Gzt st S/ 10T ve s L/ v i = e

3/11:0.?8 (\/Tr\l:n.e(\ B/1L4=0.583T

5/18=0.28 5/13=0.39 10/17=0.52 S /14=0.36

DNOTT SIGRIFICAYT TELATIONSHIPS JSING

AND DIFFE

0P

DENOTE STGNIFICANT USTEG

Gr0oyp

FELATIONSIHIPS BND DIFFERENCES

S’T
¢ -
LS
-

v am
v~ ~

AT
oA

36/11

1u/11=

73/16=4,57

15 /18=0.019
inlie VAL e RN, BN e
PRSI B PUPME

1/20=0.95

13/16=0.R2

¥ 31T
FDNT
ERT

B ANT

Mo T

LA



N Rl R AL TRt I ~ e
& YOI !

[

s dew

- bn

oy}

%)

69

PROFCITION OF FE¥ALLS ¥ITH 8T OF ¥QORT DIDAD IVMPLANTATIONS
LEITH GISTCRICAL DO3T LEVEL DOSF LFVFL NOSE OLTVEL TASTTIVY
LO3E W CANTFOL S5C.000 M3/8G 0 SO0L000 MAasYG SO0N, 000 N5/ CoNTROL
1 24/176=0,23 3/713=0,24 2/12=0,25 B /13=0,R0% 3/ 9=0, 34 R/10=0,R0%xx
% =&
20/119=0.,32 3/16=C.19 4/15=9.27 3/16=0.19 A/13=0,47 T/11=0,64%
&
Y 39/113=0.33  5/16=0,32 2/12=0.17 2/14=0.15 3/15=0.20 T/711=0.64
X
4 L6 ,136=0.300 0 6/18=0.34 5/18=0.28 Cr19=0.0 %= 1/17=0.06% U /15=0. BR*%
* ok e * &
! «5/127=0.36  4,/1%=0,22 2/19=0. 11 4/20=0,20 2/19=C.11 R/13=0.45
1 = *
£4,128=0,35 2/13=7.16 3/14=0,22 21=0020 2/%1=0,19 13/719=0,609%%

% R

1/20=0.05
% %

;o 4i/133=20.35 3/11=0.28 1,10=0.10 4/14=0,259

“C/133=C.38° 4,18=0.23 4,13=0.31 T,17=0.42 5/14=0.36 6/16=0.38

INE DENOTE SIGUIFICANT FELATIONSHIPS AND DIFFERENCES USING
=

SY¥30LS ] STCOND LINT DENOTE SIGHIFICAENT RELATIONSUIPS AND DIFFFRZENCTS USING
Tow HIST P ICAL CONTECL GalUv®
oMEov,%x - SIANIFICANT AT P LESS THAN 0,05
Vo t,% - SIGYIFICANT AT P OLESS THAN 0.01
3
SIGNI. I vTL Y DIFTTFIEMT OFRCM CouTonl Co.
O3IGHIL o LINTAR CELATIONSPIP WITH ARITH OP LNG DNSF (HEADING OF COLIMNY)



. rear . Ay e o
- e e e v . . arrn v m av o~
PATPOETINY AT TEMIT TS OJTTIH TN O N DEMTY TMDLLNTRATTIONS
. - - P ks a B ol b NI Ktk St A laVaTalbaliE dhaRl ok d A ey Ty T Tyry R PARLEAE
o6 LRITH CTETNTICA] REORE DR SRR [ER LT DL B . [V U HERRR AN I i
e e e c e A e T oty AT TN Y [ N N N N A 2 R o YN AR R UL R dV A ' G IR oUl o N W AU A H A I AT S A A e SN TN
FE A DA S INT Cr ~P L Yil . ¥ S RS VAR 8 ity Ay AR,
t - AN RN . . .

s ' Z. ~ { NN Y e o
1 3/109=5.02  0/13=0.0 2/12=0.17 2/13=0.16 0/ 920,10 7/10=0 0%

)
o)
o

~
-
——
Nl
1}
)
.
—
o
-
~
—
-
\
[w]
*
=
~J
o
~
)
i
<
o)
<
~
——
i
O
.
(@)
)
™~
-
~d
i
.
—d
N
~d
~
-
—
it
D
.
~
"
3%

: <= s140_n~ c Los16-0 9 1,120 _NnQ Nsry-0 N % 1/495=-0n_07 5/171=0.45
i .- . VA SRR Y o/ < IR T S .
G0 n £ = 3D %
= A/ 136=0.00 3/1R=0,17 G/18=C.0C 0,13=0.0C D/17=0.0 13/16=0,32%%

© 12 ,127=C.15  2/19=0.11 1,19=0.96 1,20=0.05 0/ 19200 B/18=0.23

SWA R 3 15 ‘ - n L7100 212%
T3/128=00 10 Uy13=0,0 1/16=0,035 Gri3=0.¢C fon £ /0

bAl -4

P 3
(2
o
]
-
—r
<o
™~
r
()
1
o)
-
Ny
——
—
1l
Ed
.
-
—
™~
—
iy
I
o
-
—
)
[
~
—d
oy
]
tep]
.
o
]
-
N
[N
[
o
.
o

) iA/133=0.1d 1/7128=0.06 1/13=0.08 2/17=0,12 0/14=0.0 L/14=0,25

~ - ~ gyt = P - - ekt d T~ Lol niak I AR AT lbnR ol & Rodigh i Nad
SYwROLS U UI. 0T LINF DIVOTE SIGNIFICANT FELATINNSHIPS AND DRIFFERINCES USING

THE NPGI IV, CNHNTECL GFCOUP

t11

e eTm AT O - Neen Y TAT T ERAm r
yLabuno [ Lo s o4t i oL
18T HIS. T Io7T CONTECL G ROUP
coEot % oo T SUTEFICANT AT P LESS THAN G.05

e T - - - o ~
TL0 b, % SUYTFICHENT LT T OLESS THAN 7,01 )
“ mrawmT v MIETITEYT OFDRLOY O0RTIOT .
' S AN L L PR S F DAL N U R B O

“oeay oy . . . PTAN T T W R [

! SIGHT “ LTNEA- TFLATIONGPIP WITH ALITH NP LOG DOSE (UEADING OF COLTMT)

99



- R, - . ~
“ [SIN - - i e L

¥ i s iy ¥is T <

i U LMPLARLS /0L DL 1YY 0h >

BISTOFPICHLL NIGATIVE RPOSY LEVEL DOSE LEVEL near LEVID poSITYVT
o - CONTT L T T EO,.000 v KRG SO0 000 Moz RO0D 000 mo Yo coaNT RN
(RO L IR S UL UBENS UL [ AVIFES 3 LA NG >t o L 8 RAVEV L G S SN ~ p :
1 SE/1351=0.03 3/171=0.02 5/134=0,04 11/159=0.07%2»1 3,/ G6=0.04 427 52=0,8317%%
FmNT ¥t

> S3/1627=0.04  4/183=0,03 4/17620.03 3/70320,02 17 /15520, 11 Wy RH=0. B0~
#%29D "
T 51/1435=0,05 10/21720.05 13/148=0.19 2/165=0.02 15/186=0.0¢ T/ 93=0,107

*E 4PN Wil

4 62/1626=0.04 12/222=0.06 5/182=0.03 0/222=0.0 @D

=%P2D

1/181=0.01 T73/171=0.021" =

*%AHD wor
neq7

T8/1486=0.06 6,/221=0.03

*2D

16 /20520,

S5

37228=0,02 7/235=0.03

=#XmaD

LR /151220, 04

2/13R=0,02

L/178=0.,02

3/156=0.02

2/126=0,02

7}/167:0. i

sqon

S

L9

20 =30 2o s
7 L5/1626=0.04 1,/252=0.01 3/133=0.03 £/113=0.06 8,167=0,0527 1/2068=0,017
*¥xFHN Kb

13/205=0.07

3 71/1551=0.,05 5,213=0.03

D

5/157=0.04 10/193=0.0¢ H5/160=0.C1

Y oM

1w

¥YYROLS T* 3™ LINF DENOTF SIGNIFICANT DIFFERRNCFS USING

4F NEG I CONTRCL GROUP

YNBOLS N GLOOHD LINE DENOTE SIGNTIFICANT DIFFELENCES USING

T OHIGT Tl COANTTCL FQUD

= THOQ- 31770 TEST

= ONF-.3.1 .. TEST £
B o%,} = ICSUITICATT BT P OLESS THAN 0,05

S0 oE,D TrICANT 47T P LFSS THAN 0.01

PO

oOoNTTAT
-~ . PR



S

nwy
b

T
i

TLITY T°

FOSTTIYIYIT

R e Lo R MY

» mT e
GLRTIVE

-~
P
-

Y
it

.
L
[
{14
£

v+

G/KG

W
AFRN

0,600

)

L.

FLE.

i

AT AT
o

W
LN

<

Ht
s
(@8]

-

=764

12719

¢.70

g

14 /2

S

O. b.

]

13/72C

=0,30

18720

=0,79

14 /20

/160=0.74

+

11

<

95 %
D

C.9

10 /0020
18 /20
USIKG

%

an

1¢ 420 _n
/’._,;—.
5 /16=0,79

AYD

Loy
2

D

0.80

qu

TIOXSHIF

*

b
- L

/"
!

19/20

1
7

TCANT

14

0.90

SIGNIF

i

T-

18 /20

J.78

S2/157=

-~y

i

.-
Coae

MBOLS -

o

un
<

@

THAN

LESS

CNTROL

c

-
L,

.

n

M)

i3
4

(HTADING OF COLY

DNSF

~
(&

Lo

m
1

17

™
+

2T

=y

ey

[
i
ey
D.
k4

[

—

[



.-
(]

o

i

=)

1

v v
[ IO

-

' n

b

Li G

iISTORICAL NTGLTIVE POST LEVEL NISE TEVE] nNSsE LYV TL
CONTEOL CONTEOT S0,000 ¥MG/nG  RO0, 000 MG/¥G S000.000 MG /EG
1 1231/108=11,.8 197/713=12.6 160,12=12. 1 105,/ 8=13.1 126/11=11,5
HEDAT T

i

W
I}

D
-—d
wnd
i3
~N
—
—d
&
i
3
[
.
%]

C/Mi=13. 234/12=13.0 155,/13=12,.23D TR/ 18=12.7

DX
3 1.G5/7119=11.8 139/712=211.¢ 225/1R3=12.5 180/15=11,8 P26£/18=11,.9

& 16018 120=11.8 191/716=11.9 192/16=12.1 177/14=12.6 232/719=12.2

213718=12.2 261,19=12.7 195/15=13,0 233/19=12.3

o
——
i
o
O

~
——
N

)
1]
el
[\
.
o

(]
-
-
v
o~
[¢4]
o
o]
Y
(V]
Ln
~
-

(1]
.
.

A,
N

Tihee/135=11,.6 204/19=210.7 1B4/13=11.1 1449/12=12.081 130/13=1C.0
2D an
ML DENCTE SIGNIFICANT RELATIONSUHIPS AND DIFFEREYCES USING

RELATIONSHIPS AND DIFFERENCES USING

~ mATY RN T
PN LA LbLI L Lo
A NA - TrT A T

! AILEDL TFERT

, ¥ = SIGNIFICAYT AT P LTSS THAX (.05
L AT P OLESS THAN (.0

= SIGNIFTICAYT A s
.
TOLTILY DIFTERENT OFRCOM CONTRNL
TITL T RELATICNSHIP WITH ARRITIH OR LOG DOST (HEADING oF COLIMN)



oD
5 B ]
o)

oy
U
s I

o

g}
v
et

en sea

‘e "
ol

3]

[®)
N
21 L

[ve]

[
—
A

v

trd =2

.‘,
4

vy
m O
-4t

mn

s oy
=

oot
Swdt Bl
- -

0f

S
n
b4 b
[ I

-

~ A Ty e — . - — - R
S il - A (AN N
“« yr . ~ ey Wy oevem s ey R Ll TR SRk A
A AL Chre LU a Lda [ W ARl : B i I

e S - s e e T e
nISTOFICAL NEGATIVE OS5 B NOSE LUV

- - - e v -~ NN 4 [alFa el IaNalNay - e
CONTROL CCHhTriTL 52. i, e BOO0, Ma/SYG

b

198 ,104213,3 1717132132 1%7/12=13. 9 112/ 8=14,0 126/11=11, 83D

1039/112:213.6 124/74=13.9 234,13=-13.0 166/13=12.°¢ w0112, 9

)

S5 ,116=212.9 133/72=211.6 227/18=12.6 196 /16=12.3 237/14=12.3
* 32D

1299 ,120=12.5 198/16=12.14 198/15=12,4 177/7M=12.¢ 237/1%=12.5

.2 268,19=13,121 195/15=13.0 250/19=13.221

N

1088 122=12.7 219/18=1

] 171,90 -12 4 20N F1L-1D , BERT DETSIN_1D . QR EART
7 172 a=72 200716212 b Z5 A 2. T

P

‘ : 109/12=10, 1%%¥2AT1558/13=12, 2
*3D ¥ o T

5
-
~
-
L)
et
[\
~J
N
—t
N
~
—
o)
h
—
—
9%
—
2]
~
-l
¥
I
-t
——h
.
[S¢

FELATIONSHIDPS AND DITFEFEMCES USING

b

STUOND LINE DENOTE SIGHNIFICAMNT RELATIOFSHIPS AYD DIFFIZRENCES USIXG
A1 CONTRCL GEROUP

N PR -~
T LA LLL L fod
- (SR
"-TAILED TFS51T

= ZIGNITICAYT AT P LESS THAN 0.05

= SIGNITICAYNT AT P LIZISS THAY £,01

I DENT OFRCI CCX .

i PISHIP ATTE NP 105 DAST (ETEANING 0F CNALITVRY




LNU" I
[ ®)
[ A

T B
.-

o

no-

L

.-

~J

R At W e - v - ERETE IR S SN - oo T IR oI SR lE ARSI ANE W Ah o} - TA T T
AVERAGT PriIvrl TATION LNS5TES PO TrUGRA TMAL
ryom -~ B T A~ 1 .y ~A T T omr nACT YTUTT
HISTOICAL NEGATIV DOST LEvii JA0 0 U P PRI I LV D
T P rn 2l WA o PRI N [ANANA) LRl B al o n 3 ~ N v
* CONTVOL Ve L 1y SRR ¥ . e NS nn .Cr\, Myast

19L,106= 1.5 U/13= 0.3 7,12= 0.6 7, 8= 0.9 0/11= 0.07D
: * 3D %250

125/115= 1.1 4/14= 0.3 5/18= 0.0 7/13= 0.5 2/1u= 0.1
EXGOD *XPAD *%D D

130,119 1.1 0/12= 0.0 2/18= 0.1 7/16= 0.4 7/19= 0.4
FHLDL *%23D *AD A AAD

20= C,7 T/716= C. 4 - 5/16= 0.3 /1= 0.0 /19 0.3

Y

o2
wun
~N
-l

E J
X
]

[y

~™D =

i
faw]
.
o]

927,122 6/18= 0.0 7/719= 0.4 6/15= G.C 17/719= 0.921

*EkgpD PD XD
163/130= .4 14/18= C,. € 38/%14= 2,7*2T 21716 1.3 27/20= 1.4

155,135

il
-
-
b

11/19= 0.6 10/13= 0.8 25,12= 2.1%#33T 28/13= 2.2

~175T LINF DFNOTE SIGNIFICANT RELATIONSHIPS AYD DIFFEFENCES USING
VI CORTRCL GREOUP

TNE DENOTE SIGHIFICANT FELATIONSHIPS AND DIFFEPRENCES USING

'ICGL LOVTVCL GQOUP

O-TAILED TFST
L-TRILEL TF5T

= STGNIVICAEWT AT P LESS THAN 0.05
« = SIGNIFICAYT AT P LESS THAN 0,01
.
TCOMUTIY DIVFERFET FRECM CONTEOL
) ~ SFL TICUSHIL PITE ORDITHE AT LG DOST (BEADING OF COLYVE)



ra ree

e s oa
I

€L

bt

31

‘F)

.

‘
SYMRBOLS ¥
T4F NEG 710
SYMBOLE
TiD BIST 1
CUR YL, -
el aY 1 X ~
P RV - g’

L I

SIGNI. TU/7
SIGNIT T

1Y DIFY
~ Y TNTAT™
PRSI (PO S

Mg

22/120=

G s122=0

DPUTORTIAN 0T FIVALIS A 1Ty

ICAY NEGATIVE BOST LTVEL
oL CONTICL S0.000 v
5.10 7/13=0.54 31/12=1.25
.33 Tp18=0,50 H/1520.45
0.36  2,12=0.17 9,/18=0,50
nN,35  6,16=0.38 4/16=0.25
C.45  5418=0,28 1/19=N.16
£

"3 2 "/‘IF:;:"‘.LG 1/1&:0.08

*

5,32 3/79=6.16 4/13=0.31
¥ DENOTE STGNIFICANT PFLATIONSHT

™

RE

LATIOXNSH

CL G

T AT P LESS THAN 0.05

T AT P LFSS THAN 02,01

TZFNT FRL¥ COKTROL

FFLATIONSBIP WITH RAITH OP LOG

" yoeonu T TR AL T AT LANTATT
DOST IEVEL nosT LEY
/G R00,000 M/EG RGO, DAL M
3/ 8=, 38 1711=0.10
~/13=0.4 2/14=0, 15x%
7,16=0,44 11/13=0,.58%
C/14=0,C = 1/1%=(.37
*
2/1%:0.1U 1/149=0.16
%
N/16=0.0 us20=0.20
-
S AND DIFFERENCES USING

IPs AND DIFFEFEMNCES

DOSE (HRANING OF COLUXY)

USING



v new

ca tem

A

5Y¥BOLS 7
Taan 3‘?2""
PR R At
CY¥BOLS ¢
THE KIS
CNE 1, % =
TR0 1, =
* SIGYFT !
! SIGNI T

~Jd

corIaniy 4o STTY SUTLIGTL
PORPORTION OF FEMALTS WITH TW0 °F YOTF TEAN INDLANTITIONS
NEGATIVE OoSE LCSyY LEVEL o noRE OLTVIL
CCNTERCOL 0. 5 GC0L.000 MG/¥S SR00.000 MG/ UG
2/1064=0,07 1,123=0,08 1/12=0.0% 1/ 220,13 G/11=0.0
1,118=0,09 4/714=0.29 6/18=0.34 1/13=0.C8 1/14=0.08
£ *
17/3119:=0,145 1712=0,09 7/18=0.39 2/16=0.13 R/19=P,U3*

<4

1/16=0.07 0/16=0,0

2/718=0.12 2/18=0.11

1/1u=0,08

THE/135=0.12 2/719=0011 1/13=0.058
“5T LINF DENOTF SIGNIFICANT PELATIONSIIPS
STCUTRCL GTOUP

COND LINE DENOTE SIGRIFICENT FFLATIONSHIP
L CONTLCL GRECUP

PIFICANT AT P LESS TiianN (.CH

B It P T SRR T TR Y Y n1

EEN I U B O s roLioo LiTH Y Jew

Y RDIFRIRENT FECY CCNTRCL

LINEAD PLILATIONSEID #ITH ARITL OF LNG DD

% A

1/19=0,16

1/19=0.06

0/20=0.0

n
A

o>

6s12=0.0 /13=0.0

AND DIFFEZENCES USING

S

S A¥D DIFFEPEXNCES USING

’ Zj
——
5



o mp Th e s
D REETE M S A

ney
NMESATIVE
T CCRTFCL
1 L /1211=0,048 8/167:0.05
: LS /AWT827.05 18/150=0.10
! /140520, 05 3139=0.03
v ro,1818:=0,05 7/191=0D,04
5 77/1862=0.06 T/219=0.04
2D
SSNE200.08 1,179=0.01
*AAD
B 7o /15A56=0,05 5/20u4=C,03
DENOTE SIGNIFICANT
5R0UP
E DEMONTE SIGNIFTICANT
L GERLU?P
AR O,y - DTnUITICAYT 3T P LASS5 THAY 0.06
Tan %, DU TRICANT AT P OLESS THAK .01
0y SYIGU TV IUoNUTLY DIFTEDENT FeCM COXKTECL

31/234=0, 14 7/153=0.05

70,225=0.32%33T 32/189=0.17
AT
4/193=0.073 C/177=0.0 **52D
20D %3 2D
5/241=6.03 3/7195=0.22
QAN xxRo@D
3/13§:0,01 c/179=C.0
LRS!
5/144=0,04 1/146=0,G1

rexgag D

USING

A \ ¥

AT

51

Mo
o0 SULLIUTTE
-y T oarTyr s AT e on g TR R
1D IMPLAYTS / TOTAL VLATLD
NAS T TouTy na o T nAcD T TUTY
DOSF OLTVYL noSy LIVEL rogEn LRV SL
[<FaY s ~ R =i ! ; 5 [ [ [aNal MY Yo
x\.r‘,,\/: i“i(?/"‘x": 0 .(V“T)"\' }F_‘-,/.'rv REARARGIN AT 1}/.»\:

1/126=0.012D
*ah

3/179:0.

AD
60/226=0,27%22
w41
11/232=0.05
45,/233=0.72
%5



IT. APPENDICES (MATERIAI S AND METHODS)

A. Animal Husbandry

1. Animals--Rats and Mice
Ten to twelve week old rats (280 to 350 g) and male mice (25-
30 g) were fed a commercial 4% fat diet and water ad libitum until they were
on experiment. Flow Laboratories random-bred, closed colony, Sprague-Dawliey
CD strain rats were used in the cytogenetic studies. Flow Laboratories ICR
male mice were employed in the Host-Mediated Assay.
2. Preparation of Diet
A commercial 4% fat diet was fed to all animals. Periodic tests

to verify the absence of coliforms, Salmonella and Pseudomonas sp. were

performed.
3. Husbandry

Animals were held in quarantine for 4-11 days. Mice were
housed five to a cage and rats one to five to a cage. Animals were
identified by ear punch. Sanitary cages and bedding were used, and
changed two times per week, at which time water containers were cleuned,
sanitized and filled. Once a week, cages were repositioned on racks;
racks were repositioned within rooms monthly. Personnel handling animals
or working with animal facilities wore head covering and face masks,
as well as suitable garments. Individuals with respiratory or other
overt infections were excluded from the animal facilities.

B. Dosage Determination

1. Acute L050 and L05 Determination

Since the compounds proposed for testing are included in the
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food additive regulations as "generally recognized as safe" (GRAS), it
was expected that a large number of them would be sufficiently non-toxic
so that determination of an L050 or an L05 is of no practical value. 1In
fact, this has been our experience with previously tested compounds from
this 1ist. In the case of these relatively non-toxic compounds, attempts
were made to assure that the amounts to be administered would not affect
the animals by means (mechanical, physical, etc.) related to their bulk
rather than to their toxicity. In the cases of certain compounds where

an LD., or an LD5 were not determined, an exceedingly high concentration,

50
5 g/kg, was employed and accepted as the LD5 level. In cases where the
toxicity was high enough to allow determination of an LD50, the following
protocol was used.

Thirty rats of the strain chosen for studies described below
and of approximately the age and weight specified were assigned at random
to six groups. Each group was then given, using the chosen route of
administration, one of a series of dosages of the test compound following
a logarﬁthmic dosage scheme. The series of dosages was derived from a
consideration of whatever toxicity information was available for the
particular test compound. The objective in selecting dosages was to choose
values which would cause mortalities between 10% and 90%.

When information was inadequate to derive a suitable series of
dosages, five rats were used to identify the proper range. Each of these
was given onc of a widely spaced (differing by 10X) series of doses.

This was confidently expected to suffice for derivation of the series of
dosages to be used in the LD50 determination,

The mortalities observed when the series of dosages was given
to the 30 rats were then subjected to a probit analysis and calculation of

LD 50° LDS, slope and confidence limits by the method of Litchfield and
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Wilcoxon. The highest dose level used was either a finite LDg or 5000mg/kg.
The intermediate level used was either 1/10 of the finite LDg or 500mg/kg.
The low level used was either 1/100 of the finite LD5 or50 mg/kg.

2. Subacute Studies

Subacute doses were identical to those used in the acute
studies. Each subacute study animal was given the acute dosage once a
day for each of five consecutive days (24 hours apart).

C. Mutagenicity Testing Protocols

1. Host Mediated Assay

Flow Laboratories ICR random-bred male mice were used in this
study. In the acute and subacute studies ten animals, 25-30 g each, were
employed at each dose level. Solvent and positive controls were run at
all times. The positive control (Dimethyl nitrosamine) was run by the
acute system only at a dose of 100 mg/kg for Salmonella. For yeast,
ethyl methane sulfonate (EMS) intramuscularly injected at a dose of
350 mg/kg was used. The solvents used and the toxicity data are presented
in the Resﬁ]ts and Discussion section of the report.

The indicator organisms used in this study were: (1) two

histidine auxotrophs [his G-46, TA-1530] of Salmonella typhimurium, and

(2) a diploid strain [D-3] of Saccharomyces cerevisiae. The induction of

reverse mutation was determined with the Salmonella; mitotic recombination

was determined with yeast. Chemicals were evaluated directly by in vitro
bacterial and yeast studies prior to, or concurrent with, the studies in

mice. Animnals on acute studies only were not fed the evening prior to compound
administration. The Salmonella were carried in tryptone yeast extract gel, trans-

ferred weekly. They were transferred to tryptone yeast extract broth 48 hours
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before use: they were transferred a second time from broth to broth 24 hours
prior to use, and again 8 hours before use. The mouse inoculum was

prepared by transferring 4 ml of the 8-hour broth culture to 50 ml broth
bottles which had been prewarmed to 37°C. Exponential log-phase organisms
were inoculated intraperitoneally into the mice approximately 2-1/2 hours
later when the appropriate density indicating 3.0 x 108 cells/ml was

.reached. The Saccharomyces was carried in yeast complete agar. The

inoculum was prepared by harvesting the organisms from the surface of the
plates with sterile saline. The cells were washed three times with sterile

saline and suspended in a concentration of 5.0 x 108

cells/ml. Two ml of
the suspension was inoculated into each mouse intraperitoneally. Total

plate counts on Salmonella were on tryptone yeast extract and for Saccharomyces

on yeast complete medium.
a. Acute Study
Three dosage levels (usage, intermediate [delermined as dis-
cussed previously], and LD5) were administered orally by intubation to ten
mice. Positive controls and negative vehicle controls were included in each

study. All animals received 2 ml of the indicator organism intraperitoneally.

8

Each ml contained 3.0 x 10° cells for Salmonella and 5.0 x 108 cells for

Saccharomyces. Three hours later, each animal was killed and 2 ml of sterile

saline was introduced intraperitoncally. As much fluid as possible was then
aseptically removed from the peritoneal cavity. Dilution blanks for bacteria
containing 4.5 ml of sterile saline were prepared in advance. Tenfold serial

dilutions were made of each peritoneal exudate (0.5 ml exudate + 4.5 ml saline)
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yielding a concentration series from 100 (undiluted peritoneal exudate;
through 10°7. For enumeration of total bacterial counts, the 107 and

10"7 dilutions were plated on tryptone yeast >xtract agar, 3 plates/sample,
0.2 ml sample/plate. Each sample was spread over the surface of the plate
using a bent glass rod immersed in 95% ethanol and flamed just prior to use.
In plating for the total mutant counts on minimal agar, the 100 dilution

was used, 0.2 ml being plated on each of 5 plates. The plating procedure was
jdentical to that followed for the tryptone yeast extract agar plates. All
plates were incubated at 37°C, tryptone yeast extract agar plates for 18 hours
and minimal agar plates for 40 hours. For yeast mitotic recombination, dilu-
tion blanks containing 4.5 m1 of sterile saline were prepared in advance. Ten-
fold serial dilutions were made of each sample yielding a series from 100 to

5 5 -4

1077, Samples of 0.1 ml of the 10~

, 1077, and 10?3 dilutions were removed

and plated on complete medium (10 plates each). Al1 plates were incubated

at 30°C for 40 hours. The 107°

4

dilutions were used to determine total
populations and the 107 and 10'3 plates were examined after an additional
40 hours at 4°C for red sectors indicating a mutation. Bacterial scoring was
calculated as follows:
Total mutants on 5 plates X appropriate exponent = CFU/ml of sample plated
| (CFU is Colony Forming Units)
CFU/ml X one/dilution factor (10° - 1077) = CFU/m! in undiluted exudate.

The mutation frequency (MF) was calculated fur each sample where:

MF = total mutant cells
total population

(MFt/MFc = 1.00 for
. _ MF of experimental sample control sample)
MFt/MFc MF of control sample
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Yeast mitotic recombinants (presumptive ade 2, his 8 homo-

zygotes) were seen as red colonies or as red sectors on a normally white
yeast colony. The plates (from ]0'4 and ]0'3 dilutions) were scanned under
the 10X lens of a dissecting scope to enumerate the red colonies and sectors.

5

Population determinations were made from the "0~ dilution plates. A re-

combinant frequency (RF) was calculated:

RF = total recombinants counted
total number colonies screened

b. Subacute Study
Similar groups of animals at each dose level received five
oral doses of the test compound 24 hours apart. Within 30 minutes after the
Jast dosing, the animals were inoculated with the test organism and handled
in the same fashion as those in the acute study.

c. In Vitro Study

Cultures of S. typhimurium histidine auxotrophs (G-46
and TA-1530) were plated on appropriate media. The test compound was then
added to the plate, either in the form of a microdrop of solution (0.01 to
0.25 m1) applied to a small filter paper disc resting on the agar or a small
crystal applied directly to the agar. Tenfold serial dilutions of the culture
were employed and plated so as not to miss the optimum cell density for mutant

growth. Mutant colonies were observed and scored. Strain D-3 Saccharomyces

cells at proper dilutions were shaken with the test compound, diluted, and
plated at 50% survival level or above (see HMA Supplementary Materials and
Methods). Red sectors were then scored and the ffequency calculated after
suitable incubation. Negative and positive controls were run concurrently.

The positive control was EMS for Salmonella and Saccharomyces. The in vitro

Saccharomyces tests were reported as sample concentrations, percent survival,

81
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and recombinants/105 survivors. For the Saccharomyces a 50% survival level,

e.g., an arbitrary 5.0% w/v test level, was used when no LD50 was determin-
able.
2. Cytogenetic Studies
a. In Vivo Study
Ten to twelve week old, male, albino rats obtained from a

closed colony (random-bred) were used. A total of 59 animals in the acute
study and 18 animals in the subacute study was used, as illustrated in the
following protocol.

Number of Animals Used

Acute Study

Treatment Time Killed after Administration
6 hours 24 hours 48 hours

High level 5 S,

Intermediate level 5 5 5

Low level 5 5 5

Positive control 0 0 5

Negative control 3 3 3

Subacute Study
Five doses 24 hours apart; animals killed 6 hours after last dose.

Treatinent Killed after Administration
High level 5
Intermediate level 5
Low level °5
Negative control 3

A1l animals were dosed by gastric intubation.

Four hours after the last compound administration, and two hours prior

to killing, each animal was given 4 ng/kg of colcemid intraperitoneally in
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order to arrest the bone marrow cells in C-mitosis. Animals were killed

by using C02, and the adhering muscle and epiphysis of one femur were removed.
The marrow "plug" was removed with a tuberculin syringe and an 18 gauge
needle, aspirated into 5 ml of Hanks' balanced salt solution (BSS) in a
test tube and capped. The specimens were centrifuged at 1,500 RPM in a
table-top centrifuge for 5 minutes, decanted, and 2 ml of hypotonic 0.5%
KCl solution was added with gentle agitation to resuspend the cells. The
specimens were then placed in a 37°C water bath for 20 minutes in order to
swell the cells. Following centrifugation for 5 minutes at 1,500 RPM, the
supernatant was decanted and 2 ml of fixative (3:1 absolute methanol:
glacial acetic acid) was added. The cells were resuspended in the fixative
with gentle agitation, capped, and placed at 4°C for 30 minutes. The
specimens were again centrifuged, decanted, 2 ml of prepared fixative was
added, and the (21ls were resuspended and placed at 4°C overnight.

The following day the specimens were again centrifuged, decanted
and 0.3 - 0.6 ml of freshly prepared fixative was added to obtain a suitable
density. The cells were resuspended and 2 - 3 drops of the suspension were
allowed to drop onto a clean, dry slide held at 15° from the horizontal. As
the suspension flowed to the edge of the siide, it was ignited by an alcohol
burner and allowed to flame. Following ignition, the slides were allowed to
dry at room temperature overnight. Duplicate slides were prepared. The
slides were stained using a 5% Giemsa solution (Giemsa buffer pH 7.2) for
20 minutes, rinsed in acetone, 1:1 acetone:xylene, and placed in fresh xylene
for 30 minutes. The slides were then mounted using permount (Fisher
Scientific) and 24 X 50 mm coverglasses. The coverglasses were selected

to be 0.17 mm + 0.005 mm in thickness by use of a coverglass i rometer.
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The preparations were examined using Leitz Ortholux I & II microscopes with
brightfield optics and xenon light sources. These specimens were scanned
with 10X and 24X objectives and suitable metaphase spreads that were countable
were then examined critically using 40X, 63X or 100X oil immersion flat-
field apochromatic objectives. Oculars were either 12X or 16X widefield
periplanatics and the tube magnification either 1X or 1.25X. The filters
used were either a didymium (BG20) or a Schott IL570 Mu {interference filter.

The chromosomes for each cell were counted and only diploid
cells were analyzed. They were scored for chromatid gaps and breaks,
chromosome gaps and breaks, reunions, cells with greater than ten aberrations,
polyploidy, pulverization, and any other chromosomal aberrations which were
observed. They were recorded on the currently used forms and expressed as
percentages on the summary sheets. Fifty metaphase spreads were scored per .
animal. Mitotic indices were obtained by counting at lesst 500 cells and
the ratio of the number of cells in mitosis/the number of cells observed was
expressed as the mitotic index.

Positive controls in the acute study consisted of animals
which had been given the known mutagen Triethylene Melamine (TEM) admin-
istered intraperitoneally at a level of 0.30 mg/kg. Negative controls
on the acute and subacute studies consisted of the vehicle in which the
compound was administered. The dosage levels, solvents and toxicity data
are included in the Results and Discussion section of the report.

b. In Vitro Study

Human embryonic lung cultures (WI-38) which were negative

for adventitious agents (viruses, mycoplasma) which may interfere were used.

These cells were employed at passage level 19. The ¢ells had been tran:ferred
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using 0.025% trypsin and planted in 32 oz. prescription bottles containing
40 ml of tissue culture medium. When growth was approximately 95% confluent
the cells were removed from the glass using trypsin, centrifuged, and frozen
in tissue culture medium containing dimethyl sulfoxide (DMSO). Cells were
frozen in vials in the vapor phase of liquid nitrogen at a concentration

of 2 x 106 cells/ml. When needed, the vials were removed from liquid nitrogen,
quick-thawed in a 37°C water bath, washed free of DMSO, suspended in tissue
culture medium (minimal essential medium [MEM] plus 1% glutamine, 200 units/ml
of penicillin and 200 ng/ml of streptounycin and 15% fetal calf serum)

and planted in milk dilution bottles at a concentration of 5 x 105 cells/ml.
The test compound was added at three dose levels using three botties for
each level, 24 hours after planting. The dose levels required a preliminary
determination of a tissue culture toxicity. This was accomplished by adding
logarithmic doses of the compound in saline to a séries of tubes containing
5 x 105 cells/ml which were almost confluent. The cells were examined at
24, 48, and 72 hours. Any cytopathic effect (CPE) or inhibition of mitoses
was scored as toxicity. Five more closely spaced dose levels were employed
within the two logarithmic dosages, the higher of which showed toxicity and
the lower no effect. The solvents used and the range finding data are
presented in the toxicity data report under Results and Discussion. The
dose level below the lowest toxic level was employed as the high level.
Logarithmic dose levels were employed for the me&ium and lTow levels.

Cells were incubated at 37°C and examined twice daily to
determine when an adequate number of mitoses were present. Cells were
harvested by shaking when sufficient mitoses were observed, usually 24 - 48
hours after planting, centrifuged, and fixed in absolute methanol:glacial

acetic acid (3:1) for 30 minutes.
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The specimens were centrifuged, decanted, and suspended in
acetic acid-orcein stain (2.0%) and a drop of suspension placed on a clean
dry slide. Selected coverglasses 0.17 mm in thickness were placed on the
suspension and the excess stain gently expressed from the slide. The cover-

glasses were sealed with clear nail polish and examined immediately.

The microscopes, objectives, oculars, filters and light
sources were enumerated under the metaphase description. Positive controls
used were TEM (at a concentration of 0.1 mcg/ml dissolved in saline) and
negative controls which consisted of the vehicle in which the test compound
was dissolved, which was 0.85% saline. Data were reported on forms currently

used and expressed as percentages on the anaphase summary sheets.

3. Dominant Lethal Assay

In this test, male and female random bred rats from a closed colony
were employed, These animals were 10-12 weeks old at the time of use. Ten
male rats were assigned to each of 5 groups; 3 dose levels selected as
described above, a positive control (triethylene melamine) (TEM) and a
negative control (solvent only). The positive control was administered
intraperitoneally. Administration of the test compound was orally by in-
tubation in both the acute study (1 dose) and in the subacute study (1 dose
per day for 5 days). Following treatment, the males were sequentially

mated to 2 female per week for 8 weeks (7 wecks in the subacute study).
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Two virgin female rats were housed with a male for 5 days (Monday through
Friday). These two females were removed and housed in a cage until killed.
The male was resteu on Saturday and Sunday and two new females introduced
to the cage on Monday. It has been our experience that conception has taken
place in more than 90% of the females by Friday and that the two day rest
is beneficial to the male as regards subsequent weekly matings. Females
were killed using C02 at 14 days after separating from the male, and at
necropsy the uterus was examined for deciduomata (early deaths), late fetal
deaths and total implantations.

Sufficient animals were provided in our experimental design to accomodate
for any reduction in the number of conceptions. Each male was mated with
two females per week, and this provided for an adequate number of implantations
per group per week (200 minimum) for negative controls, even if there was a
four-fold reduction in fertility of iwplantations. Results were analyzed
according to the statistical procedures described in Supplementary Materials

and Methods. Corpora lutea, eacly fetal deaths, late fetal deaths and total

impiantations per uterine horn were recorded on the raw data sheets, which

are submitted separately.
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D. Supplementary Materials and Methods

1. Host Mediated Assay In Vitro and Formulae

a. Bacterial in vitru plate tests.

This method has been published by Ames: The Detection of

Chemical Mutagens with Enteric Bacteria, in Chemical Mutagens;

Principles and Methods for Their Detection, Vol. 1, Chapter 9, pp. 267-

282, A Hollaender, Editor, Plenum Press, New York (1971).

b. _lg vitro for Mitotic Recombination.

(1) Strain D-3 was grown to stationary phase on complete
medium agar plates at 30°C. (3-4 days). Cells were rinsed from the
plates and washed twice in saline and cell concentration determined
spectro-photometrically. (A standard curve previously determined for
colony forming units versus % transmittance at 545 mu was easily used).

(2) Cells from the concentration suspension were
diluted appropriately into 0.067 M Phosphate buffer pH 7.2 to provide
5 x 10/ cells/ml in a total of 25 ml.

(3) The test chemical was first tested for 4 hours
at 30°C, with shaking, at concentrations which permitted determination
of the 50% survival level. Then, if not included in the first experiment,
the compound was tested again only at the 50% survival level. If 50%
survival level could not be determined, the arbitrary test level of 5%

w/v was used.

(4) Following treatment, cells were diluted and plated
on complete agar medium for determination of total population and red
sectors. Total surviving population was conveniently measured on plates

4

of 107" and 10‘5 dilutions using 0.2 ml per plate (5 plates)
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and sectors determined on plates of 103 and 1074 dilutions
using 0.2 m) per plate (5 plates). Plates are incubated for
2 days at 30°C followed by a holding per od of 2 days at 4°C
to promote color development with limited enlargement of the
colonies. Red sectors are scored by systematically scanning
the plates with a dissecting microscope at 10X magnification.
(5) The frequency of red sectors can then be calculated and may
" be expressed conveniently as sectors per‘lo5 survivors for
comparison with untreated controls.
(6) Ethyl Methane Sulfonate (EMS) was employed as the positive
control in both in vitro systems.
¢c. Minimal Medium (Bacteria):
Spizizen's Minimal Medium
4X Salt Solution:

(NHg) SO, 8.0 gm

KoHPO, 56.0 gm

KHo POy 24.0 gm

Na Citrate 4.0 gm

Mg Sﬂ4 0.8 gm

Biotin 0.004 gm

H,0 qs to 1 liter

" Sterilize by autoclaving (12]°C/15 min.)
Medium:
4) Salt Solution : 250 ml

5.0% Glucose (sterile) :100 ml (If histidine is added at concen-
tration of 30 mg/liter, this

1.5% Bacto-agar (sterile) : 650 ml becomes a complete bacterial
medium. )
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2. Cytogenetics In Vitro Preparation of Anaphase Chromosomes

(from Nichols, 1970)

"Anaphase preparations may be made by several methods. One
convenient approach is to grow cells directly on coverslips in petri
dishes. With human fibroblasts 400,000 cells added to a 22 x 40 mm
coverslip in a 50 mm petri dish grown in a 5% CO2 atmosphere in air
has proved very satisfactory. When adequate numbers of mitoses are
visualized directly utilizing an inverted microscope (usually 48 to 92
hrs. after planting) the coverslip is transferred to absolute ethanol
for 15 minutes for fixation. They are then stained with any one of a
number of suitable stains (Fuelgen, May-Grunwald-Giemsa, orcein) and
attached to a slide with mounting media for evaluation. Anaphase pre-
parations may also be prepared on cells grown in suspension or cells
from a monolayer that have been put into suspension. In this instance
the cells are centrifuged and fixed with the squash fixative. They
are then suspended in the stain and a drop of the suspension put on
the slide and covered with a coverslip. However, in this case, only
the excess stain is gently expressed from under the coverslip and no
squashing is carrled out. In anaphese preparations no pretreatment with
colchicine or hypotonic expansion is used and no technique for spreading
the cells is used, so that the spindle and normal relationships of the

chromosomes are not disturbed."

—H BIONETICS '
Litton

91



3. Statistical Analyses of Dominant Lethal Studies

The following statistical analyses were emp]oyéd as a means of
analyzing the results of the dominant lethal studies.

a. The fertility index: number of pregnant females/number of
mated females with the chi-square test used to compare each treatment to the
control. Armitage's trend used for linear proportions to test whether the
fertility index was linearly related to arithmetic or log dose.

b. Total number of implantations: t-test used to determine
significant differences between average number of implantations per
pregnant female for each treatment compared to the control. Regression
techniques used to determine whether the average number of implantations per
female was related to the arithmetic or log dose.

c. Total number of corpora lutea: t-test used to determine
significant differences between average number of corpora lutea per pregnant
female for each treatment compared to the control.:

d. Preimplantation losses: computed for each female by sub-
tracting number of implantations from number of corpora lutea. Freeman-Tukey
transformation used on the preimplantation losses for each female and then
t-test used to compare each treatment to control. Regression technique used
to determine whether the average number of preimplantation losses per female
was related to the arithmetic or log dose.

| e. Dead implants: treated same as preimplantation losses.

f. The proportion of females with one or more dead implants computed,
each treatment compared to control by chi-square test and Armitage's trend used
for linear proportions to see if proportions were linearly related to either
arithmetic or log dose. Also, probit regression analysis used to determine
whether the probit of the proportions was related to log dose.

g. The proportion of females with two or more dead implants computed
treated same as f,
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h. Dead implants/total implants: computed for each female and
used Freeman-Tukey arc-sine transformation on data for each female;
then used t-test to compare each treatment to control.

Historical control data was compiled on a continuous basis as
studies were completed. In addition to comparing each treatment to control,
as outlined above, each treatment was compared to an historical control.

In order to take variation between males into account, a nested
model was used. An analyses of across weeks is also provided.

In addition to these tests, the distribution forms of the various
parameters were tested in order to evaluate the appropriateness of some of
the tests being used. Certain correlations between parameters may exist
and were examined as one step to determine the appropriateness of models.

If necessary, alternate test methods were implemented.

The results are presented in tabular form with the addition of
historical control information. In addition to these tables, a written
report of all findings is provided. As information became available from
the on-going investigation of these data, it was reported and suggestions
included for changes to the methods of analyses. The statistical reports
give the Tevel of significance using both a one-tailed and two-tailed

test. Finally, a summary sheet for each study is provided.

[B BIONETICS
Litton

93



2,." ) y 2. Groups |

Ke |, @ Females within t"ales within Grous

VSSUMPTIONS g(' +ol, = O

.. v >
eiie~md(0,5%)
Males are randomly drawn from infinite population

- Males within each qgroup
0"1‘3) )10 W e arout

y - C "'mio‘..(o)ﬁc_’) ,

—a U dof, 8.8 . MS gns)
TOTAL -3 T D 511(‘3'\,3;:.,-.-,-..73..‘. Y
. .G - LIPS WP )
saggfés b 20 L (3" _ § - ,); N Y BT }V
WITHIN GROUPS 18 - oass( YU .— G- ) 5.2 az+3°‘?. ji»i'ﬁs’:
REMAINDER - Yo . iii.(. kﬁ'\_‘,v;-—,- _—-"_3 .)-; Ss" S*

94




E. References

Host-Mediated Assay

1. Gabridge, M. G.,

221:68, 1969.

Denu: zio, A. and Le...itor, M. S.: HNature

2. Ibid. : Science 163:689, 1969.

3. Gabridge, M. G.
Med. 130: 831, 1

4. Gabridge, M, G.,

and Legator, M. S.: Proc. Soc. Exp. Biol.
969.

Oswald, E. J. and Legator, M. S.: Mut.

Res. 7: 117, 1969.

5. legator, M. S. and Malling, II. V.: Book chapter in

Environmental Chemical Mutagens, ed. A. Hollaender.

Plenum Publishing Corp. (New York), in press.

Cytogenetics
6. Nichols, V. W.:
7. Leyator, M. S.:

Caused by Toxic

personal communication.

Chapter in Laboratory Diagnosis of Diseases

Agents, ed. F. W. Sunderman and F. W.

Sunderman, Jr.

Warren H. Green, Inc. (St. Louis), 1970, pp. 17-22.

8. MHsu, T. C. and Patton, J. L.: Technical Addendum in

Comparative Mammalian Cytogenetics, ed. K. Benirschke.

Springer-Verlag

9. lLegator, M. S.,

(New York), 1969, pp. 454-460.

et al.: Cytogenetic studies in rats of

cyclohexylamine, a metabolite of tyclamate. Science 165:

1139-1140, 1969.

[E BIONETICS

Litton



Dominant Lethai
10..Bateman, A.J.: Genet. Res. Comb. 1: 381 - 392, 1960
11, Bateman, A.J.: Nature 210: 265 - 206, 1966

12. Ehling, U.H., Cumming, R.B., and Malling, H.V.: Mut. Res.
5. 417 - 428, 1968

13. Epstein, S.S. and Shafner, H.: Nature 219: 385 - 387 1968

‘@ BIONETICS

96



F. Abbreviations

mu = micron

mcg = ug = microgram

g = gram
kg = kilogram
ml = milliliter

rpm = revolutions per minute

O¢ = degrees centigrade

pH = power of the -hydrogen ion concentration to the base 10
M = molar solution

conc. = concentration

MTD = maximum tolerated dosage = High = LD5 if determined or else exceedingly
high < ¢, such as 5 g/kg ' :

INT = intermediate = medium level

USE = usage level if known = Tow level

8sS = balanced salt solution

c-metaphase = cells arrested in metaphase, using colchine or colcemid

LD50 = that dosage which produced 50% mortality in the group of animals
treated

L05 = that dosage which produced 5% mortality in the group of animals treated

NC

negative control

PC = positive control
AU = acute usage level (low level)
Al = acute intermediate level (medium level)

AMTD = acute maximum toleruted dose level (LH5 level, high level)
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SAU = subacute usage level (low level)

SA] = subacute intermediate level (medium level)

SA LDg = subacute LDg level (MTD level, high level)

o, = ca~bon dioxide

OMN = Dimethyl nitrosamine
[MS = Ethyl methane sulfonate
TEM = Trfethy1ene melamine

DMSO = Dimethyl sulfoxide

MEM = minimal essential medium (Eagle's)

CPE = cytopathic effect

his = histidine marker

D-3 = mitotic recombinant strain of saccharomyces

mf = mean mutant frequency

MFt/MFc = mean mutant frequency of the test compound group compared to
mean mutant frequency of the negative control group

CFU = colony forming units

WI-38 = code name for a strain of human embryonic Tung tissue culture cells
Rec X 105 = mitoLic recombinants x 105

Mean B/A = mean frequency

tot. scr. = total scored

tot, = total

1*& = a test of variation in the data from the computed regression line.
Tested in these studies at the 5% level

Aberr. = aberrations
Frag. = fragment

HMA = host mediated assay
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